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Abstract: Problem statement: The study addressed the problem of selecting pipeogriate micro-
assembly techniques according to the micro-pattifea. Actually, in the micro-domain, the choice of
the correct assembly technique is highly dependenthe micro-part characteristics such as shape,
geometry and materiabpproach: Since there was an incomplete and unstructuredletye about
the micro-assembly, the study proposed a Decisigpp&t System (DSS) as solution for assisting the
designer in the correct selection of the most bidtanicro-assembly strategies. The first step was
establishing a structured correlation between riggembly techniques and part features. In paaticul
the phases grasping and releasing were adoptedsastudy for their importance in the micro-
assembly process. The second step was the set aprufltistage model for the selection of the
grasping-releasing technique and the implementatiothe model in an Expert System as a set of
rules.Results: The DSS was tested on some common micro-partaupiragl a scored list of selected
grasping-releasing method€onclusion: The DSS proved quite valuable in the selection Hred
scoring of the micro-assembly principles that spicific applications.
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INTRODUCTION frequently different from the ones adopted in stadd
assembly.

Since the nineties the number of micro-products At macro-scale, assembly and handling techniques
has increased in several fields such as the biarakdi have been widely studied. Design For Assembly (DFA)
the aerospace and the automotive. Beside the Micraules and systems (Redford and Chal, 1994; Boothroy
Electro Mechanical Systems (MEMS) manufactured by1994) have been developed to optimize the
using silicon technologies, new hybrid micro-produc effectiveness and the cost of the assembly. On the
emerged in the last years. Hybrid micro-producisehea  contrary, in the micro-domain the Design For Micro-
complex three-dimensional structures and areAssembly (DRA) tools is at very early stages. One of
composed of several components made by differerthe main difficulties to solve for the developmagit
materials (Van Brusset al., 2000). such DA methods is the lack of rules and former use

The assembly cost of these hybrid micro-productsases that could help selecting the best couples of
can reach the 80% of their overall cost due to thegyrasping and releasing strategies. Actually, new
predominance of manual assembly operations. Agtuall grasping (Tichenet al., 2004) and releasing approaches
it is difficult and expensive assembly them autdcadly  (Fantoni and Porta, 2008) have been proposed and
because standard automatic devices are not sui@ble developed but a systematic reorganization of them i
handle sub-millimeter parts (Santoehial., 2005). The missing. This is due also to the fact that in micro
main issue is the role of micro-scale adhesione®rc domain the methods are strongly dependant on some
(such as capillary, van der Waals and electrostatipart features such as dimensions, weight and rahteri
forces) that overcome gravity (Paramasivam andnce a suitable grasping strategy is chosen, this
Arumugam, 2004). Therefore, handling and ingrasping principle has also to be compatible wita t
particular the grasping and releasing strategies arreleasing one.
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The study starts from the research of aTable 1: Some of the considered part charactesistic
compatibility list between component characteristic Part properties

. . L. . Mechanical fragility Surface sensitiveness
and gra_lsplng-relea_smg_ principles. Only few Cas@b (Hereinafter each issue is in italic.)
to a univocal solution; in general more than oneiacd  Porosity Charge sensitiveness
is possible. Hence the choice becomes based oritia mu Magnetic sensitiveness Liquid sensitiveness
criteria space (preC|S|on of the releasmg, relgbi oot material properties
cost, assembly time, resource consumption). Thexefo Dielectric Conductive
it is necessary to produce an ordered list thealslgt —Magnetic Diamagnetic

grasping-releasing couples.
An expert system was implemented, using the . e e .
CLIPS language, to study as a Decision Supporiesyst Grasping difficulties:  During the last decades

(DSS). Expert system was preferred to more rigorouéw.rm?rous micro-grippers based on different physical
multi-criteria selection methods because it is afole principles have been successfully developed anedes

) g . . . A wide review can be found in (Ticheet al., 2004;
operate in conditions of incomplete information. &s Fantoni and Porta, 2008). Micro-grippers variesfro
matter of fact the properties and the performarafes i

: standard friction and jaw grippers to magnetictisnc
many techniques are seldom completely assesse® SOy gernoulii's ones to finally laser traps or sound

techniques have been experimented only on a "miteﬂressure grasping systems. Some of them exploit
number of samples. In the expert system the in&ren capjllary forces, electrostatic fields; van der \gaa
engine applies a set of rules (knowledge base)f&@ta adhesion and even few ice grippers have been
list. It always supplies an answer even if somextias  successfully used.
of the decision tree are missing. Nearly all grippers (from mechanical, to
The DSS operates in the following way: by electrostatic, to capillary) can grasp a micro-part
assigning a high salience level to the exclusidesrwe  Unfortunately the part or some of its charactersstian
make them executed ahead of the others. Oncee damaged irremediably by the interaction (conct
eliminated the non compatible assembly strategies, not necessary) with the gripper. The wide develagme
set of remaining strategies is ordered following th of micro-grippers actually hides problems as severe
preference rules and the list is ranked by supglyire ~ sticking and part damaging.

process engineer with a confidence value for each Thus the parts characteristics that can alteopepr
choice. handling by a gripper have been investigated amteso

of them are shown in Table 1.
MATERIALSAND METHODS Some incompatibility between part characteristics
and grasping medium are due to the physical pri@cip
Building the knowledge: The built of the knowledge Porous parts cannot be grasped using vacuum gsipper
base started in analogy with Boothroyd (1994) workdielectric or dlamagnet|c_or magnetic sensitivetpare
on standard assembly. Thus the part features hese b NOt attracted by magnetic fields. More complicated
analyzed and organized in homogeneous classes: fro}lﬂe reason Why some difficulties arise yvhen dielect
the geometrical parameters (shape and geomettyeof ¢parts are man_lpL_JIated by an _electro_sta_ltlc tooludky
part envelope, block or cylinder) to its weight, tte part characteristics and physical principle meettty

. o . . . . well, but even a small friction between the didliect
material (liguid sensitive, magnetic, dielectri ’ . ”
handling ( qdiﬁ‘iculties (surfacges available Ct)ofor parlt(s and the work planebclan tnbofe Iecrnﬁcatept;tnis
. . . . making grasping impossible. Part fragility prevetits
grasping/releasing, space available around thecbbje ng grasping Impossi gty prev

. ) . . . 1-use of a tweezers, the presence of surface
for grasping/releasing), to finally the insertion .paracteristics (optical, tribological) cancels ot

problems. In the case of parts handling difficsltimve capillary-because they can stain the surface-amd ja

been organized into two separated groups: graSpingrippers-because they can scratch it-and charge
difficulties and releasing difficulties. These part sensitiveness is an obstacle for an electrosteifiper.
features have been associated first to the grasping

strategies, then with the releasing ones. Evenytuall Releasing difficulties: In micro-assembly the most
matrix is built to correlate the parts featureshwhiibth  difficult task is the releasing of a micro-parthait than

the grasping and releasing strategies. By thisiriais ~ grasping it. Actually, due to the prevalence ofesibn
possible to build the suitable couples graspingaghg forces over gravity, the part tends to stick to rhiero-

on the basis of the micro-parts features. gripper (Santochiet al., 2005). Many releasing
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strategies have been proposed in literature (Faatuh The example shown in Fig. 1 explains how the
Porta, 2008). They are usually classified as active grasping-releasing matrix is organized. In casa p#rt
passive. Passive releasing strategies exploit @ripp that is simultaneously fragile, charge sensitilat, &nd
features (e.g., hydrophobic coating, surface roeghn with only the top surface available for graspirtgcan
or environment conditions (e.g., dry atmosphere) tde grasped with a capillary gripper and released by
reduce of adhesive forces between gripper and micrahree different strategies: hydrophobic coatingttod
parts. Active releasing strategies (e.g., air flelectro-  gripper, gluing on the substrate and by exploiting
wetting) allow the realizing by additional forces. electro-wetting.
Depending on the micro-part features, it is pdesib
to define if a particular releasing strategy carsately A multi-stage model of assembly techniques selection
and successfully adopted. Actually, some releasingnd ranking: The knowledge achieved in the former
strategies expose the handled part to the risks dfection allows us to build a model of the propéresee
breaking, damaging or contaminating. The partfor the selection of the grasping-releasing tealmmitp be
characteristics considered for the realizing asedhes used for every given part (Bruzzoeeal., 2009). The
previously mentioned for the grasping. model is presented in Fig. 2.
The model separates the choice of the assembly in
Grasping-releasing coupling: Once the part features the sub-choice of grasping and releasing princjples
have been analyzed with respect to the grasping arttien the two principles are put together by forming
releasing strategies, it is possible to determihe t suitable couples. Using the classic approach oftimul
suitable couples grasping-releasing. The relatedriteria analysis, the exclusion criteria are aplias
knowledge base has been done by building a méaix t first, in order to eliminate from the list of grasg and
associate, on the basis of the part features, dmping releasing principles the ones that are not compliatin
and releasing principles. Actually not every relegs the part geometry, the part material, or where the
strategy can be adopted for each grasping principlphysical property used for the principle is not
(Fantoni and Porta, 2008). Furthermore the partdvas  applicable to that specific part. The possible ¢tesif
compatible with the possible grasping-releasingpt®u grasping-releasing principles are furthermore reduc
For example, a micro-part grasped with a capillaryby incompatibility criteria that forbid the use of
gripper can be released heating up the gripper angrasping and releasing techniques that are in iconfl
evaporating the liquid. But in case of a heat d$mesi with each other. At this time it is possible to Bpghe
micro-parts the couple capillary grasping-releasinyg ranking criteria in which a score is attributed the
heating risks that the heat damages the part. couple assessing its efficiency and effectivenass i
exploiting the features of the part to be assemited
e order to get to the design objectives. The factorbe
SRR ST T considered in the score attribution are: geometithe
part, total dimensions, material, surface quaktsesent
state of the knowledge does not make it possibtgvie
a reliable quantitative indication of how much an
assembly technique suites to the problem, therdfae
score must be considered as a confidence index.

Part features
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Fig. 1. Suitable grasping-releasing couples forieton

part fragile, charge sensitive and flat with the
top surface available for handling Fig. 2: The multistage model of the selection pssce
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The final score for a couple is selected as the (deffacts gl’f‘leili__g_.JJ?’Ocess

minimum among all the scores assigned to a coéysle. g:zp 3““?0“)
. 4 ) grasp Suction)

the score is an index of the confidence we havenwhe (grasp VanDerWaals)
applying this assembly principle to the part céaselys Egl‘asp l‘i}"fogel?i‘;)

. . . . . arasp agnetic
th_e final score give an (_’;\pprOX|mat|on of the_ cetai @MS}J Electrostatic)
with which the technique can be applied. The (grasp Surface tension)
confidence is the probability of making the righbie, (grasp No_contact))
but it must be remarked that it should not be ceadu ) _ ) ) .
with the mathematical definition of probability. Fig. 3: A fgclt list reporting the known grasping

principles

RESULTSAND DISCUSSION

: Grasp exclusion rule 1
(defrule noncomp1

The decision tables (Fig. 1) are used to build the (declare (salience ?*high-priority™))
knowledge base system as expert decision rules. The (property fragileloptical y)
rules are written in the CLIPS language. CLIPS is a ?pointer <- (grasp Friction)

forward-chaining rule based language developednas a
open source project by NASA. The CLIPS shell

provides the basic elements of an expert systeat: fa Fig. 4: The exclusion rule in CLIPS language
list, knowledge-base, inference engine (Naral.,

(retract ?pointer))
T

1994; Islamet al . 2009) Grasp exclusion rule 1
The fact list is made of the list of the part feas, ITFO be exceuted before the ranking rules

the list of the grasping and the releasing prirespthe the part is fragile

list of the compatible couples of grasping andasieg OR N . |

principles. All of them are multi-field orderedttsof gy | parthas optieal properties

faCt_5- The facts related t_O the parts to k_)e i_iSSEI’nb| retract Friction from the list of grasping principles

obviously are created again for every applicatibthe

expert systems based on Fhe industrial problem. _ Fig. 5: The exclusion rule in natural language
The knowledge base is made of a set of ruledlliste

in the system. The rules in an Expert System are Principles ranking

disposed in the list without any order. The segaenc Handling Principle Confidence

with which they will be executed is not known agpri o contact (all) , 90
it is chosen by the inference engine. It is iptesso Surface tension - Hydrophobic %0

asii y . g ) Surface tension  Adhesion 80

force the precedence in the execution of some tfes  surface tension  Gluing 80

applying a salience to the rule itself. The miso$e Surface tension 3D Handling 70

salience is the most common mistake in the creatfon

an Expert System, as it tends to constrain thesitewl ~ Fig. 6: The proposed processes for flat, fragifearge
flow, degrading the expert system to a mere dewigio sensitive parts

tree.

In this study, only two different salience valss The DSS was tested in order to suggest the
used: high and low priority (the assigned numberim  preferred micro-handling techniques to executeoss
relevance). The salience is used only to force th@ssembly tasks typical of  micro-mechanical
precedence of the application of the exclusion srule components: e.g., pick and place of micro-sphenes a
before the ordering rules are applied. It was fssiot ~ Micro-gears, peg in hole of micro-cylinders. These
to use salience at all and have the inference engirthree families of tasks compose a benchmark that wa
decide the order of execution of all the rules. Témult used to set up a complete assembly micro-factory
would have been the elimination of already orderedBruzzoneet al., 2009). The DSS predicted a list of
couples grasping-releasing with a general loss oPrinciples for every task that were sound and campl
efficiency and without increasing the space of thewith the experts proposals. As an example, the
solutions. An example of rules is reported in Fg. application of the DSS to flat, fragile parts (teeth of
together with the translation in current Englisig(F5).  the gear wheel are considered fragile in this dsien
The rule is used to exclude the friction principlaen  scale), charge sensitive produced the results tegpan
grasping fragile parts or parts with optical prdjesx. Fig. 6, in order of confidence.
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